INTRODUCTION
Known for their negative impacts on water quality in agricultural environments, nutrients, pesticides and sediments constitute widely and extensively studied classes of contaminants. While these types of contaminants persist at easily measurable concentrations, the lesser known class of so called 'emerging' contaminants (e.g., steroids, pharmaceuticals, antibioticresistance genes, prion proteins and endocrine-disrupting compounds), while long known to contaminate the environment and adversely affect the health of ecosystems, have only recently become detectable at the low concentrations at which they persist (Snow et al. 2013) .
Worthy of wider and more detailed study given their extreme toxicity in nature, endocrine-disrupting compounds (hormones) are capable of producing toxic effects (i.e., altered reproductive, neurological or immunological responses) by acting on animal and human endocrine systems at concentrations as low as ng L -1 (Khanal 2006 ). Significant quantities of steroidal estrogen hormones associated with livestock manure are introduced into the environment when livestock manure is applied to the topsoil of agricultural lands to improve soil fertility and crop quality. Recent studies have indicated that runoff from agricultural fields, where manure has been applied, can infiltrate through the soil into groundwater, resulting in detectable levels of estrogens that could affect wildlife (Khanal 2006) . Endocrine-disrupting compounds can alter the metabolic pathways that regulate reproductive processes in aquatic animals (Arcand-Hoy and Benson 1998) . Given that exposure to hormones or estrogenic compounds can result in the population decline of aquatic fauna, it is critical, where animal manure has been applied to the topsoil of agricultural fields, to avoid the leaching of hormones through the soil profile into groundwater.
While many sorbents have been developed over the years, which can remove contaminants such as metals and pesticides, some studies suggest that biochar is particularly well-suited to retain a variety of organic and inorganic compounds in the soil (Sarmah et al. 2010) . Biochar is the by-product of the thermo-chemical decomposition of biomass and biological residues in the absence of oxygen. Due to its high specific surface area, nano-scale condensed aromatic rings, micro-scale crystalline structure and macro-scale amorphous structure, biochar offers a strong sorption affinity for both inorganic contaminants (e.g., heavy metals) and hydrophobic organic contaminants. Applied directly to the soil, biochar provides a convenient way of disposing of organic waste, providing added value by binding pollutants and reducing their bioavailability. Also, extreme weather like frequent freezing and thawing conditions might play an important role in surface degradation of biochar (Lehmann 2009 ). The present study's objectives were therefore to investigate: (i) the capacity of 1% slow pyrolysis biochar, one year after its application to a sandy soil as a topsoil amendment, to absorb liquid swine manure-borne steroid sex hormones (estrogens), and (ii) the fate and transport of steroid sex hormones (estrogens) from liquid swine manure in a sandy soil in the presence (vs. absence) of biochar.
MATERIAL AND METHODS

Analytical chemicals
The analytical chemical standards for the female sex hormones, 17β-estradiol (a.k.a. E 2 ; ≥98% purity) and its primary metabolite, Estrone (a.k.a. E 1 ; ≥99% purity) were purchased from Sigma Aldrich (St. Louis, MO, USA). The physiochemical properties and the chemical structure of these steroid hormones are shown in Table 1 45° 24' 48.8'' N, long. 73° 56' 27 .9" W), these outdoor lysimeters were maintained under natural conditions, but shaded and sheltered from rain under the canopy (a tent; 25 meters of height that covered lysimeters from top only while sides were kept open) to avoid natural irrigation. To prevent any plant uptake of hormones, plant residues were removed from the soil surface and no crop was planted. Main focus of this research paper was to analyze if the biochar applied in the soil could work consistently after one year of its application. During first year, the experiment was conducted on freshly applied biochar. Similar experiment with same experimental setup was repeated after one year on the same biochar, which was present in that soil since last one year. Second year of study (current study) was conducted between June-August 2013. During current study, the maximum, minimum and mean temperatures were 23.5°C, 13.1°C and 18.3°C, respectively, and the average relative humidity was 70.96 %. Also, biochar was exposed to fluctuating extreme weather (-35°C to 13°C) during winter season leading to freezing-thawing situation. The meteorological data was collected from the nearby Sainte-Anne-de-Bellevue weather station (WMO ID 71377, Environment Canada, lat. 45° 25' 26.9" N, long 73° 56' 15.1" W) . This weather station is located approximately 650 meters away from the experiment site.
Two thrice-replicated treatments were imposed: soil only (control, no biochar) and top soil (0-0.05 m depth) amended with biochar. BlueLeaf biochar (BlueLeaf Inc., Drummondville, QC, Canada), the result of the slow pyrolysis of softwood at 450°C, was applied at a dry weight basis 1:99 biochar:soil ratio (1% w/w), and mixed with top soil, thus resulting in an application rate of 10 t ha -1 (Sarmah et al. 2010) . Biochar was applied in May 2012. Softwood was chosen as a feedstock substrate to produce biochar because softwood biochar have greater resistance to oxidation and includes high organic carbon content and undetectable contaminants such as trace metals and polycyclic aromatic hydrocarbons (Jackson et al. 2013) . A laboratory experiment conducted by Alizadeh (2014) suggested that slow pyrolysis softwood biochar produced at 450°C contains greater adsorption capacity for hormones as compared to fast and intermediate biochars produced at other temperatures. These are the reasons why softwood slow pyrolysis biochar was used to conduct this study.
The structural properties and particle size distribution pattern of BlueLeaf biochar, determined by an external laboratory (Control Laboratories Inc., Watsonville, California, USA.) are given in Table 3 and  Table 3A , respectively. Additionally, porosity analyses were performed by Micromeritics Analytical Services Lab, Norcross, Georgia, USA (Table 3) . Manure application Swine manure was obtained from Quinn Farm (Notre-Dame-de-l'Île-Perrot, QC). Prior to the present study, the last application of manure to the lysimeters had occurred in August 2012. The history of manure application, nitrogen requirements for a silage corn crop, nitrogen availability of manure and application time were among the factors considered in selecting the manure application rate. Considering spring as the time of incorporation of manure into the soil, based on nitrogen requirements of 200 kg/ha to achieve a typical yield of 49400 kg/ha (Beegle 1997) , and a mean total nitrogen content of liquid swine manure of 0.004 kg/L, the required manure application rate was calculated to be 16 L/m 2 . Therefore, based on the soil surface area of 0.1589 m 2 within each lysimeter area, 2.54 L of homogenized liquid swine manure were applied to each lysimeter.
Soil and leachate sampling
Prior to initiating the experiment, all lysimeters (control and biochar amended) received sufficient irrigation to bring them to saturation. In order to assess the soil's residual hormone levels in light of the previous year's manure application, prior to the manure application (Day 0), composite soil samples were taken at the surface and at depths of 0.10, 0.30 and 0.60 m from the soil surface, and placed in sealed plastic bags. On the next day (Day 1), 2.54 L of homogenized swine manure were manually incorporated into the topsoil of each lysimeter. Soil samples were taken from the manureamended topsoil prior to the first irrigation to quantify the initial level of hormones in the topsoil. A total of 9.67 L of tap water was then applied at regular intervals over a 4 h period, thereby mimicking natural rainfall. The maximum rainfall was 57.8 mm, which was calculated by considering the worst-case scenario for the month of May during a fifty-year period from 1962-2012. On the following day (Day 2) and on Days 16, 31, and 46 after manure application (one day after Day 15, 30 and 45 irrigations), the Day 0 soil sampling protocol was repeated.
For each lysimeter, leachate exiting the drainage pipe was collected for the 24 hrs immediately following irrigation events (Days 1, 15, 30, 45) . For each lysimeter,
Fig. 1. Schematic design of the lysimeter (ID = Inner
Diameter).
7.5-8.0 L of leachate was collected in an amber bottle (to avoid hormone photodegradation), immediately taken to the lab, and a subsample extracted the same day, to avoid the higher rate of hormone degradation in water than in soil.
Mass balance calculations Based on the mass balance principle (Eq. 1), the total mass of hormones recovered from each lysimeter at each sampling date was calculated as the sum of: (i) the hormones recovered in the soil across each depth of the soil profile (0.05-0.10 m, 0.10-0.20 m, 0.20-0.50 m, 0.50-0.75 m) * , and (ii) the mass of hormones recovered from leachate samples, calculated as the product of the hormone concentration by the leachate volume. This should total the initial hormone mass (µg) present, minus any losses or unrecovered mass of hormones due to degradation or volatilization (ElSayed et al. 2013) . ). * Mass of hormones at 0.75-0.90 m was not recovered hence this depth was not considered in the mass balance calculation. Extraction from leachate and soil samples Hormones extraction from leachate sample Of the 7.5 to 8 L of leachate collected at the bottom of each lysimeter, a subsample (1 L) was filtered through a PreSep prefilter 47 mm (GE Water and Process Technologies, Trevose, PA, USA), to remove suspended soil particles. Prior to hormone extraction, Oasis HLB extraction cartridges (200 mg, 6 cc; Waters Inc., Milford, MA, USA) were conditioned with the passage of 5 ml of methanol, followed by 5 ml of high purity water (Stafiej et al., 2007) . In the initial step of the solid phase extraction (SPE) process, a vacuum manifold system drew the filtered leachate subsample through the Oasis HLB extraction cartridge at a rate of 20 mL/min. The hormones were then eluted by drawing 10 mL of HPLC grade acetonitrile through the cartridge. The extract was brought to dryness under a nitrogen stream and redissolved in 1 mL of 50:50 (v/v) water-acetonitrile solution. The glass tube containing the extract was placed in a sonicator for 15 minutes to achieve homogeneous mixing. The extract was then filtered through 0.22 µm syringe-driven sterile filters (Millex-GV, Etobicoke, ON, Canada). The final extract was transferred into 1.5 ml amber HPLC vials for HPLC analysis. Hormones extraction from soil samples 
HPLC analysis
An HPLC technique served to analyze the hormone content in samples. The mobile phase consisted of a 3:2 water:acetonitrile mixture, while the stationary phase (5 µm particle size) was that of a Zorbax Eclipse Plus C18 column (150 × 4.6 mm; Agilent Technologies Inc., Santa Clara, CA, USA). Flow rate of the mobile phase was set at 1 mL min -1 , running on a gradient flow. Run time for each 100 µl injection was set at 15 minutes. The UV detector wavelength was set at 210 nm. Estrogens could be detected at concentration as low as 0.003 ppm. Also, accuracy of HPLC was studied by spiking pure stock solution in the mobile phase. The percent recovery was found to be in the range of 95-105%. The maximum variation between sets was found to be less than 5.0%.
Data analysis
Data was analyzed with PROC MIXED in SAS v. 9.2 (SAS Institute Inc., 2010, Cary, NC, USA). This model used repeated measures over time and depth to determine if hormone concentration differed between treatments, over time and with varying depths. Also, paired t-test (alpha=0.95) was performed on sorption behaviour of both fresh and used biochar using statistical analysis systems (SAS 2013) (Section 3.5).
Sorption Test
In a batch sorption experiment undertaken in support of the lysimeters experiment, hormone sorption efficiency of fresh vs. one-year field-aged 1% slow pyrolysis biocharamended soils were compared in solution phase. Standard solutions of both Estrone (E 1 ) and 17β-Estradiol (E 2 ) at six different concentrations (0.01, 0.05, 0.1, 0.5, 1, and 5 ppm) were prepared in HPLC grade acetonitrile from pure standards (Sigma Aldrich, St. Louis, MO, USA). Based on the method of Sarmah (2008) , a sample of fresh or fieldaged biochar-amended soil (2 g) was equilibrated with 30 mL of a given standard solution in a 50 mL aluminiumfoil-wrapped glass centrifuge tube equipped with a Teflonlined screw cap. All tubes were placed on a flatbed shaker for 24 hr in the dark at 23±2°C.
Scanning Electron Microscopy (SEM)
Microscopic imaging of biochar samples was undertaken using a Hitachi TM3000 Scanning Electron Microscope (SEM) bought from Olympus (Markham, ON, Canada) operating at 15 kV. Images were taken at 250× magnification. SEM images are very useful in obtaining accurate details of biochar pore structure. Structural changes in biochar after residence in the field were analysed by scanning the surface and inside -after gentle dissection -of freshly incorporated and field-aged biochar, using the SEM.
RESULTS AND DISCUSSION
Mass balance
The mass balance for E 2 for Day 0 (Table 4) shows the presence of a detectable mass of hormones present at different soil depths attributable to the previous year's application of swine manure. In both non-amended and biochar-amended treatments, the total quantity of E 2 detectable in the system (soil + leachate) declined progressively from an initial (manure just applied) level (Day 1) through Days 2, 16, 31 and 46. The degradation rate of hormones decreased over time or at lower concentrations, which concurs with the findings of Casey et al. (2005) . Tukey test (post hoc testing) was performed on the measured mass of hormones in both treatments where significantly different values were grouped separately using statistical analysis system (SAS 2013).
The biochar-amended treatment lost more E 2 from the topsoil than the non-amended control (Table 4 ). This loss might be attributed to the leaching of E 2 or to its degradation. For the biochar-amended and non-amended treatments, 45% and 23%, respectively of the initial mass of hormones applied reached soil layers beneath the topsoil one day after the first irrigation event (Day 2), indicating a greater mobility of hormones under the biochar-amended treatment. This seeming anomaly might be attributable to the release of dissolved organic carbon (DOC) from biochar. The field site where we applied biochar is subject to steep temperature gradients. Biochar particles can be fragmented into smaller particles when water of hormones can prove to be very toxic to aquatic fauna (Khanal 2006) . conditions prevailing in the deeper layers of the soil profile, compared to the lower levels under the relatively aerobic conditions of the shallower layers, could be attributable to the lower microbial degradation of E 1 under anaerobic conditions.
The cumulative percentage of E 1 held at the surface after each irrigation, relative to the initial amount of E 1 applied in manure (Day 1) was calculated for biocharamended and non-amended soils in the first and second years after the amendment was applied (Fig. 2B) . In the first year, biochar-amended soils held comparatively more of the total E 1 mass in their top layers than did the nonamended soils, whereas in the second year the converse was true, reflecting the release of DOC from aged biochar, thereby facilitating the movement of hormones down to soil profile. Compared to E2, a lesser mass of E 1 was detected in the surface layer of both treatments, since E 1 is particularly prone to degradation at or near the surface, where conditions are aerobic (Colucci et al. 2001) . Clearly biochar retained a comparatively greater mass of E 1 in the first year after its application, when it was fresh, whereas, with time, the biochar's ability to retain hormones declined as the result of some biotic and abiotic changes in its surface structure.
Effect of biochar on hormone movement in soil
The downward movement of E 2 and E 1 over time was assessed in biochar-amended and non-amended soils ( Fig.  3 and 4) . Clearly, the concentration of E2 was highest on the initial day of swine manure application (Day 1) and decreased thereafter over a period of 46 days (Fig. 3) . There was rapid initial decrease of hormones even one day after manure application (Day 2). Ying et al. (2002) also reported a rapid decrease in concentration of hormones in soil. Either leaching of E2 downward immediately after the irrigation, or its rapid degradation could explain this rapid decrease. The high sand content of the soil's upper would result in weaker sorption of E2 than a silt or clay soil (Casey et al. 2005) . The fact that, following irrigation (i.e., between Day 1 and Day 2) a certain amount of E 2 leached down to lower soil depths is illustrated in Fig. 3 . Similarly, Day 2 E 1 concentrations were higher at the surface of the soil profile and then decreased over the period of 46 days (Fig. 4A) . As a comparison of parts B, C, and D of Fig.s 3 and 4 indicate, the leaching of E 1 to lower soil depths was less than that of E 2 . This might be due to E 1 's lower aqueous solubility (2.1±0.03 mg/L) compared to that of E 2 (3.1±0.02 mg/L) (Yu et al. 2004 ). In addition, E 1 in the upper soil layer was decreased more quickly than was E 2 . That this decrease was greater in the biochar-amended topsoil than in its non-amended counterpart may be attributable to the decrease in E1 under aerobic conditions. Masses of hormones between two treatments with different letters are significantly different.
Concentrations of E 2 and E 1 at a depth of 0.10 m from the soil surface are shown in Figs. 3B and 4B, respectively, for both biochar-amended and non-amended soils. Given that the depth of 0.10 m is relatively close to the soil surface little difference in E 2 was observed between the two treatments. However, on Day 16, greater E 2 movement was apparent in the biochar-amended soil. Unlike E 2 , E 1 showed little leaching.
Concentrations of E 2 and E 1 at a depth of 0.30 m from the soil surface are shown in Figs. 3C and 4C, respectively, for both biochar-amended and non-amended soils. Clearly, greater quantities of E 2 than E 1 were leached from the topsoil to this depth. As occurred at the 0.10 m depth, the biotic transformation of E 2 into E 1 was evident at the 0.30 m depth 30 between Day 16 and Day 31 (Figs.  2C, 3C ). Similar trends were also observed at the 0.60 m depth for both biochar-amended and non-amended treatments ( Fig. 3D and 4D) .
While certain trends of E 2 and E 1 movement over time and depth were evident, no clear trend was found to indicate any difference in hormone movement between the biochar-amended and non-amended soils. This was supported by the data analysis with PROC MIXED in SAS v. 9.2 (SAS institute Inc., 2010) . According to the statistical analysis (Table 5 for E2 and E1), difference of movement of both hormones between the treatments was insignificant.
Effect of biochar on hormone residues in leachate water
The leachate samples were analyzed to quantify the amount of hormones leached under both treatments. The E 1 and E 2 hormones are slightly soluble in water: the aqueous solubility of E 2 is 3.10±0.02 mg/L, while that of E 1 is 2.10±0.03 mg/L (Yu et al. 2004 ). This might account for the low levels of E 2 and E 1 in leachate even after the first irrigation event (Fig. 5A , 5B). Even at levels as 5 ng /L, hormones can be toxic to aquatic species (Khanal 2006) . Statistical analysis showed no significant effect (P > 0.01) of either time or biochar amendment on either E 2 or E 1 concentrations in leachate (Table 5) .
Uncertain hormone behavior is the biggest challenge in analyzing the fate of hormones in a field study. They degrade very quickly or transform into another form. The extraction methods in laboratory are not 100% efficient which makes the quantitative analysis even more uncertain. There is no published field study available that explains the exact mechanism of hormone degradation in soil and water. Also, Leaching and transformation takes place at the same time. So, at a depth, it is difficult to tell if the E1 we found is a part of E 1 that is leached from topsoil or this E 1 is the product of E 2 transformation or its mixture of both. Because of these reasons we focused primarily on how much mass of hormones a field aged biochar could hold at the top of soil.
Scanning Electron Microscopy (SEM)
Clearly there were disturbed pores on surface and irregular structure inside of used biochar as compared to fresh biochar (Fig. 6 ). This analysis supports our assumption of the release of DOC upon initial physical fragmentation of the biochar (Lehmann 2009 ), which heightened the mobility of hormones in the biochar treatment.
Sorption efficiency of Biochar
A batch sorption laboratory experiment tested the difference of sorption efficiency between soil amended with fresh biochar and biochar-amended soil having spent a year in the field. Percentage removal of E 2 and E 1 between fresh biochar and used biochar was significantly different at each of six concentrations. Aged biocharamended soil was clearly less effective in removing hormones (E 2 and E 1 ) than was fresh biochar-amended soil (Fig. 7) , which supports our field results. 
CONCLUSION
In the first year (2012) of the study on biochar soil amendment's adsorption capacity for hormones, a significant effect of soil amendment with biochar (vs. a non-amended control) was found with respect to the spatial-temporal stratification of steroidal sex hormones in the soil and leachate. However, in the second year of study (2013) reported here, the biochar amendment treatment had no significant effect on the spatial-temporal stratification of steroidal sex hormones in the soil and leachate. This finding was further supported by laboratory batch sorption tests comparing a 2-year aged biocharamended soil and a newly biochar-amended soil of the same type. Many factors might have played a crucial role in the lesser adsorption capacity of biochar for hormones in the second year after its application. Certain surface structural changes in biochar might have occurred as a result of various biotic or abiotic processes. In addition, substances such as humic acid, minerals and metal oxides in the soil could alter the physical and chemical properties of the biochar's surface, thus affecting its sorption of hydrophobic organic compounds such as the hormones studied. Scanning electron Microscopy showed that the biochar, after some initial physical fragmentation began adsorbing less and might started releasing DOC to soil (Lehmann 2009 ), which might act as a carrier for hormones down to soil profile, as proposed by Liu et al. (2013) . Our results are in agreement with these authors in finding that mildly degraded biochar is less effective in improving soil water holding capacity, nutrient retention capacity and adsorption capacity for organic contaminants compared to the fresh biochar. Therefore on the basis of results obtained from this study we can firmly conclude that adsorption capacity of 1% slow pyrolysis biochar for estrogens released from liquid swine manure at our specific field conditions, decreases with time. Reduction of hormones from the topsoil is also because of the combined effect of leaching and degradation. However, it should be noted that no two biochars are same, behaving differently in different conditions. Further studies are needed to explore the role of different weather conditions on different types of biochar in different type of soils. Such a wider characterization of the effects of biochar amendment of agricultural soils is important in achieving a maximum reduction of hormonal pollution in soil and water. 
